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(57)  The presentinvention accelerates a data trans-
fer between two data storage drives by performing read
and write operations in parallel. This is accomplished by
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A method for transferring data and a data transfer interface

buffering read data in a cache memory provided within
the first data storage drive (source drive) while the data
previously read are transferred and written to the sec-
ond data storage drive (target drive).
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Description

[0001] The present invention relates to a method for
transferring data between two data storage drives. In
particular, the presentinvention relates to a data transfer
interface and a method for transferring data from a first
data storage drive to a second data storage drive.
[0002] Datainterfaces allow a host device, like a com-
puter system, to send and receive information for data
storage devices such as hard disk drives or optical data
storage media. For connecting such peripheral devices
to the host, the ATA (AT-Attachment) bus of the original
IBM/AT PC is still widely in use. The ATA bus standard
has been extended with the AT Attachment Packet In-
terface (ATAPI) and is since then named ATA/ATAPI.
The ATA/ATAPI is an interface extension that supports
connection of external devices to computer systems, in
particular, to personal computers.

[0003] The ATA/ATAPI standard defines a task set of
registers used by the peripheral devices and host com-
puter to effect the transfer of data. Peripheral devices
require device-specific control information such as a
sector, a cylinder number or a head ID to search for po-
sition information of a read/write head. This information
is individually transferred and written into a register of
the peripheral device.

[0004] A communication session with a peripheral de-
vice using ATA/ATAPI proceeds through several phas-
es. The host computer writes a command to a command
register on the ATA/ATAPI peripheral during a command
phase. Thereafter, a data phase is entered in which the
data is transferred from/to the peripheral device.
[0005] When copying data between two peripheral
devices connected to a host, the data is first read from
one of the peripheral devices, transferred to the host
and, finally, transferred and written to the second periph-
eral device. Such a processing is time consuming, in
particular when copying large amounts of data.

[0006] In view of this drawback, the present invention
aims to reduce the time needed therefore and to provide
a method for transferring data between data storage
drives and to provide a data transfer interface.

[0007] This is achieved by the features of the inde-
pendent claims.

[0008] Accordingto afirstaspect of the presentinven-
tion, a method for transferring data between two data
storage drives is provided. The method repetitively
transfers blocks of data form a first storage drive to a
second data storage drive. A block of data is read from
the first data storage drive and stored in a memory. At
the same time, the data of a previously read block of
data is transferred and written from the memory to the
second data storage drive.

[0009] According to another aspect of the present in-
vention, a data transfer interface is provided connecting
two data storage drives to a control unit. The data inter-
face includes the control unit and transfers data from a
first data storage drive to a second data storage drive
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in form of data blocks. The first data storage drive in-
cludes a memory for storing blocks of data read from
the first data storage drive. The control unit being adapt-
ed to control the data transfer process such that a read-
ing and storing of a block of data in the memory of the
first data storage drive and a transfer and writing of a
previously read block of data to said second data stor-
age drive being performed concurrently.

[0010] It is the particular approach of the present in-
vention that conventionally successively performed
read and write operations of a data transfer can be car-
ried out concurrently. In this manner, the time required
for copying data between two data storage drives is con-
siderably reduced. Due to the concurrently performed
operations, interruptions of a continuous data read proc-
ess of the first storage drive by write cycles writing data
to the second data storage drive can be avoided. By pro-
viding a memory, the data read from the first data stor-
age drive can be buffered. While the previously read da-
ta is written to the second data storage drive, the sub-
sequent data block is already read at the same time and
stored in the memory.

[0011] Preferably, the time needed for writing a block
of data is shorter than the time required for reading a
data block. Consequently, data can be read from the first
data storage drive in a continuous manner and a maxi-
mum time saving can be achieved.

[0012] According to a preferred embodiment, the first
data storage drive is an optical disk drive and said sec-
ond data storage drive is a hard disk drive. Such a disk
drive combination enables an efficient transfer of data,
in particular ROM data, having a long data access time
to a re-writable storage medium with short data access
times. The accelerated copy procedure facilitates the
use of optical storage media for providing large amounts
of data as update information which can be transferred
to a hard disk drive for easy access by a data processing
system.

[0013] Preferably, the memory of the first data storage
drive is a cache memory and the reading and storing
operation is accomplished by a look-ahead functionality
provided within the first data storage drive. The cache
memory and the look-ahead functionality can be imple-
mented by employing any of a plurality of commercially
available disk drives providing the required memory and
functionality.

[0014] Preferably, said data blocks represent video,
audio, navigation and other data which usually require
a huge storage capacity. The use of such data and the
distribution on optical storage media is facilitated by em-
ploying the present invention. A data copying process
for integrating the data on a first data storage medium
into a data processing process can be accomplished in
an easy manner in accordance with the present inven-
tion.

[0015] Further preferred embodiments of the present
invention are the subject matter of dependent claims
[0016] Additional features and advantages of the
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present invention will become apparent from the follow-
ing description of the invention as illustrated in the draw-
ings, wherein:

Fig. 1 schematically illustrates a "single channel" da-
ta connection of two data storage drives to a
host device;

Fig. 2  schematically illustrates an individual connec-
tion of two data storage drives to a host device;
Fig. 3 s flow chartillustrating a conventional method
for transferring data from a first to a second
data storage medium;

Fig. 4 s timing diagram illustrating the conventional
copying process;

Fig. 5 s timing diagram illustrating the data copying
process in accordance with the present inven-
tion; and

Fig. 6 is a flow chart illustrating the data copying
process in accordance with the present inven-
tion.

[0017] Referring to Fig. 1, a single data transfer inter-
face is illustrated connecting to two data storage drives
110, 120. Both data storage drives 110 and 120 share
a single connector provided at the host or control device
130. A plurality of data liens 140, a plurality of control
lines 150 and read/write lines 160 jointly connect the two
data storage drives 110, 120 to the host 130. When se-
lecting a particular identifier bit in a drive/register pro-
vided in each of the data storage drives 110, 120, one
of the data storage drives 110, 120 is selected for car-
rying out a read or write operation.

[0018] An alternative implementation for connecting
the two data storage drives 110, 120 to a single host 130
is illustrated in Fig. 2. Both data storage drives 110, 120
are connected to host 130 by individual data lines 240,
250, individual data control lines 242, 252 and individual
read/write command lines 244, 254.

[0019] While the data interface configuration of Fig. 1
only allows a single of the data storage drives 110, 120
to exchange data with the host 130 at a time, the con-
figuration shown in Fig. 2 allows simultaneous commu-
nication of both data storage drives 110, 120 with the
host 130.

[0020] The data storage drives can be all kinds of stor-
age media like optical disk drives, hard disk drives, flop-
py disk drives, flash memories and silicon drives. The
types of peripheral devices connected to the data trans-
ferinterface is not limited to the explicitly mentioned data
storage means.

[0021] Referring to Fig. 3, the conventional process
of copying data between two data storage drives is il-
lustrated. First, a block of data is read from a first data
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storage medium (steps 310). The read data block is
transferred to the host and buffered therein (step 320).
When the data obtaining stage (steps 310, 320) is com-
pleted, the data write stage is started in step 330. The
buffered data is transferred to the second data storage
drive and written therein on a data storage media.
[0022] The data is stored on both storage media in
form of a plurality of data blocks which are individually
copied between both drives. Thus, steps 310, 320 and
330 are performed in a repetitive manner in order to
transfer all desired data. Thus, the process returns to
step 310 after the execution of step 330 in order to start
with the next block.

[0023] The sequence of the processing steps re-
quired for data copying with respect to time is shown in
Fig. 4. After reading a first data block during time period
410, the obtained data is written to the second storage
medium during time period 415. In a corresponding
manner, the data of block 2 is read during time period
420 and written to a time period 425.

[0024] The time period required for transferring a sin-
gle data block from a first data storage drive to a second
data storage drive corresponds to the accumulated of
the read time period 410 and the write time period 415.
[0025] In contrast thereto, Fig. 5 illustrates the timing
diagram of a copy process in accordance with the
present invention. The read and write operations which
are conventionally performed subsequently are now
performed in parallel. After the data of a first block 510
have been obtained, the data is transferred to the sec-
ond data storage drive during a time period 512 and writ-
ten thereon during a time period 514. When the reading
510 of the data of the first block has been completed,
the reading continues with the reading 512 of the data
of the second block. The read and write procedures for
each individual block are offset such that each block is
written only after the data read procedure for the respec-
tive block has been completed.

[0026] The parallel read and write operations are ac-
complished by employing a cache memory for buffering
read data. The cache memory is located in the first data
storage drive. Although a data transmission between
the host and the connected drive is only possible to one
of the data storage drives at a time, the read and write
processes can be carried out concurrently. The read da-
ta are buffered within the first data storage drive 110,
while the control unit or host 130 transfers the data from
the cache memory of the first data storage drive to the
second data storage drive which is instructed to write
the received data on its storage medium.

[0027] By providing a cache memory within the first
data storage drive 110, the drive can continuously read
data to be stored therein. This can be achieved by em-
ploying a look-ahead functionality. This function already
reads the next block of data and thus, enables an ac-
celeration of the required read time 510.

[0028] A particular optimization of the data exchange
can be achieved when a data storage drive having a
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slow data access time is used as a first data storage
drive, forinstance a DVD drive, and a target drive having
a short access time is used as the second data storage
drive, for instance a hard disk drive. As the time needed
for writing an obtained data block to the hard disk drive
is considerably shorter than the time need to read the
respective data block, a continuous reading of data
blocks is achieved and the time required for copying
large amounts of data between both drives is consider-
ably reduced.

[0029] Referring to Fig. 6, the individual steps carried
out during a data copying process in accordance with
the present invention is illustrated. The processing
blocks of Fig. 6 are arranged with respect to a time axis
600 in order to reflect the sequential and parallel rela-
tionships of the processing stages for subsequent data
blocks.

[0030] First, a block n is read from the first data stor-
age drive and stored therein (step 612). After the read-
ing and storing of block n is completed, a data transfer
is requested by the control device and the stored data
block is transferred accordingly to the host (step 614).
The host then transmits the obtained data block to the
target drive (step 614) while the first data storage drive
already reads and stores data of a subsequent block
n+1 (step 622).

[0031] The data transmitted to the second data stor-
age drive is written on the storage medium included
therein (step 616).

[0032] Depending on the respective transfer speeds
of the data storage drives, the reading and storing of
data of block n+7 may already completed before all data
of the previous block n have been written to the second
data storage drive. In such circumstances, small inter-
ruptions occur in the data reading process.

[0033] After the writing of data has been completed,
the subsequent block n+1 (which has already been read
from the first data storage drive) is requested from the
control device 130 and transferred thereto from the
cache memory (steps 614, 624).

[0034] Summarising, the present invention acceler-
ates a data transfer between two data storage drives by
performing read and write operations in parallel. This is
accomplished by buffering read data in a cache memory
provided within the first data storage drive (source drive)
while the data previously read are transferred and writ-
ten to the second data storage drive (target drive).

Claims

1. A method for transferring data between two data
storage drives (110, 120) by repetitively transferring
blocks of data (510,520) from a first data storage
drive (110) to a second data storage drive (120),
comprising the steps of:

reading (622) the data of a data block (520)
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10.

1.

12.

from the first data storage drive (110) and stor-
ing the block of read data (520) in a memory,
and

writing (616) the data of a previously read block
of data (510) from said memory to the second
data storage drive (120) when reading (622)
said block of data (520).

A method according to claim 1, wherein the time re-
quired for writing a block of data (514, 524, 534) on-
to said second data storage drive (120) being short-
er than the time required for reading a block of data
(510, 520) from said first data storage drive (110).

A method according to claim 1 or 2, wherein the da-
ta transfer speed of said first data storage drive
(110) being slower than that of said second data
storage drive (120).

A method according to any of claims 1 to 3, wherein
said first data storage drive (110) being an optical
disk drive and said second data storage drive (120)
being a hard disk drive.

A method according to any of claims 1 to 4, wherein
said step of storing (622) a read block of data (520)
stores the data in a cache memory provided in said
first data storage drive (110).

A method according to claim 5, wherein said cache
memory being continuously filled with read data.

A method according to any of claims 1 to 5, wherein
said step (622) of reading and storing data being
accomplished by a look-ahead functionality provid-
ed by said first data storage drive (110).

A method according to any of claims 1 to 7, wherein
said data storage drives (110, 120) being connected
to a control device (130).

A method according to any of claims 1 to 8, wherein
said read block of data (510, 520) being transferred
through a control device (130).

A method according to claim 9, wherein said blocks
of data (510, 520) representing video, audio, navi-
gation or other data.

A computer program comprising code means
adapted to perform all steps of claim 1.

A computer program product comprising a compu-
ter readable medium having computer readable
program code embodied thereon, said program
code being adapted to carry out all steps of claim 1.
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13. A data transfer interface including a control unit
(130) for connecting two data storage drives (110,
120) to said control unit (130) for transferring data
from afirst data storage drive (110) to a second data
storage drive (120) in form of data blocks, wherein 5
said first data storage drive (110) including a mem-
ory for storing blocks of data (510, 520) read from
said first data storage drive (110), and
said control unit (130) being adapted to control the
data transfer process such that a reading and stor- 70
ing of a block of data (520) in said memory of said
first data storage drive (110) and a transfer and writ-
ing of a previously read block of data (510) in said
second data storage drive (120) being performed
concurrently. 15

14. A data transfer interface according to claim 13,
wherein said memory being provided in said first da-
ta storage drive (110).
20
15. A data transfer interface according to claim 13 or
14, wherein the data transfer speed of said first data
storage drive (110) being slower than that of said
second data storage drive (120).
25
16. A data transfer interface according to any of claims
13 to 15, wherein said first data storage drive (110)
being an optical disk drive and said second data
storage drive (120) being a hard disk drive.
30
17. A data transfer interface according to any of claims
13 to 16, wherein said control unit (130) instructing
said first data storage drive (110) to read a block of
data (510, 520) and to transfer the read block of da-
ta (510, 520) to said control unit (130), and said con- 35
trol unit (130) forwarding the received block of data
(510, 520) to said second data storage drive (120).

18. A vehicle information and/or entertainment system
comprising a data transfer interface in accordance 40
with any of claims 13 to 17.

19. A vehicle information and/or entertainment system
according to claim 18, wherein said blocks of data

(510, 520) representing video, audio, navigation or 45
other data.

50

55



EP 1 517 246 A1

0ocl




EP 1 517 246 A1

¢ b4

ZoOALQg ozl I ®AL(Q

- oLl

4

¢ae

28 m@a@ﬁ@m &%@ﬁmm

ocl




EP 1 517 246 A1

310
/

reading a block of data
from a first data storage
medium

l 320
/

transferring the read d’ata to
the host and buffering the
received data at the host

l ‘ 330
/

transferring and writirlmg the
data from the host to a
second storage medium
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